Designing energy-efficient architecture can have a significant influence on the energy performance of wireless sensor networks. Such an architecture design consists of cross-layer approach to determine the lifetime of the network using optimal number of cluster selections in a high density sensor network. The MAC protocol designs of network keeps sensors in sleep mode to reduce energy consumption. In this paper, we propose an enhancement to existing architectural design by using novel Hybrid MAC protocol. This consists of Dynamic MAC (D-MAC) / TDMA MAC protocol. It is energy efficiency and has low latency MAC in wireless sensor networks. The enhanced protocol is simulated in MATLAB for performance evaluation. The simulation result show that Hybrid MAC protocol considerably improves the energy saving and latency to increase the sensor network lifetime. The proposed architecture appears to be promising and will require further research.
Introduction
Wireless Sensor Networks (WSNs) is a modern network paradigm that overcomes the issues of the static network by deployment of several low cost, microelectronics devices, battery operated and net communication technology sensor nodes. Some of the applications of WSNs are for specific purpose such as target tracking, intrusion detection, wildlife habitat monitoring, climate control and disaster management [1] . The WSN sensor node consists of embedded processor, memory and transmitter/receiver circuitry. These nodes are usually battery operated and coordinate among themselves to perform the common target. The sensors have limited energy and its energy drains due to continuous operation [2] . The maximum energy is absorbed by the radio device. Therefore, energy resources for the sensor network need to manage wisely to improve the life time of sensor nodes. So the most important performance objective is to extend the network lifetime by designing media access control (MAC) protocol.
MAC protocol analyzed the functionality of two sensor nodes that are interfering with each other's transmissions. In the traditional MAC protocol design for wireless sensor networks maximize packet throughput, minimize latency and fairness, focuses on minimizing energy consumption where, fairness is the secondary consideration. The research in designing MAC protocol for wireless sensor networks has led to many new protocol designs specifically for sensor networks consideration [3] . To design a good MAC protocol, the attributes, such as energy efficiency, latency, throughput and fairness are to be considered [4] for WSNs. The critical issues are to prolong the network battery lifetime to change network size, node density and dynamic topology [5] . This gives the scope for the researches towards the design of energy efficient MAC protocol to support the architecture of WSNs.
The MAC protocols for WSNs are classified into two categories: 1. Contention based and 2. Schedule based protocol [6] . In contention-based method, the sensor nodes radios transmit the message by sensing the channel. Carrier Sense Multiple Access (CSMA) protocol is such an example. However, the nodes share the channel but suffer from collisions from nodes beyond one hop and also lead to problem of hidden terminal. Schedule based MAC scheme is an example of time division multiple access (TDMA) to solve hidden terminal problem. It requires efficient time schedule to avoid idle listening to the channel for data transmission [7] .
Major sources of energy waste in wireless sensor network are due to collision, packet overhead, idle listening and overhearing. So, the energy efficient architecture design of WSNs needs to be supported by the cross-layer mechanism [8] and also by cluster based on nodes groupings [9] . The sensor nodes that are deployed in a large network communicate with each other for data transfer through the gateways. The gateways collect the information from all nodes and fuse the data to send it towards sink for further analysis.
Sensor nodes cannot be active all the time, since node control circuit engage in signal processing and communication will consume more energy. This will shorten the life time of sensor nodes in the WSNs. So the power management in the network is highly critical to maintain a longer life and also to maintain quality performance of the network.
As shown in Figure 1 , the multiple gateways clustered sensor network is suitable for high density node network. The cluster network with the gateway is located within the communication range of all cluster sensor nodes. The data collect by the gateway sends the fused data from its cluster sensor node to another gateway, and finally to the sink node.
Cluster based sensor network has many advantages over the conventional network. With clustering consumption of the entire network can be effectively improved since one member of a node per cluster is required to be active and the other nodes remain in inactive mode [10, 11] . In the high density node, the clustering architecture has important application, because it is easy to manage a cluster node than whole lot of conventional senor nodes.
Energy conservation is important during the inactive periods and during the event occurrence. It is critical to reduce the overhearing of traffic service transceiver energy consumption during idle listening during transmission [12] . The overhearing is not advisable in the MAC protocol design since it consumes unwanted battery power. The overhearing can be minimized by node while sending or receiving packets. To facilitate energy management during event occurrence smart sleeping schedule can allow nodes to sleep for a short duration when neither transmission nor reception takes place.
Motivation
The energy efficient architecture using a TDMA is being studied and found to be an effective result oriented. However to further optimized for maximum throughput and minimum delay the existing architecture is further proposed with integration of our adaptive D-MAC energy efficient MAC protocol [13] that is dynamically selects the preamble periods and optimizing the traffic rhythm during sleep duration to maximize the energy saving and minimizing power mode transition.
In order to evaluate the performance of energy conscious MAC protocol architecture, the research areas such as energy consumption per bit, average delivery ratio, average network throughput, and average packet latency need to be focused. The remainder of this paper organized as follow. Section 2 summarized the related work for MAC protocol. Section 3 illustrates the proposed design approach. The implementation method is discussed in section 4. Section 5 shows the result and analysis and finally section 6 concludes the paper with future scope.
Related Works
In the power management architecture the optimization of throughput and end-to-end delay achieved at various layers of the communication protocol stack using the cross-layer mechanism. The several research works focused on the bulk of energy related research on the hardware level, as well as the software level [14] . However there is still limitation of the architectural and software levels enable the scope of research opportunity in the data link layer and network layer protocols along with the physical layer. A study on localization, clustering, scheduling and minimum energy routing is studied in [15] . The trade-off between extending lifetime and throughput of WSNs is analyzed in [16] . For an efficient architecture the position-based sensor node shows the minimum energy network which is proposed in [17] along with sleep mode nodes turned off [18] , [19] . For the power management several research works of medium access control are proposed in [20] . In this paper reducing energy consumption is considered as the prime focus of the recent research of wireless sensor network. To support the improvement of power management, the study of different MAC protocol is surveyed that support the design of energy efficient architecture. The MAC protocol for the WSNs is broadly classified into two categories: 1. Contention based and 2. Scheduled based. The contention based protocol is mainly based on Carrier Sense Multiple Access (CSMA) or Carrier Sense Multiple Access/ Collision Avoidance (CSMA/CA). There is no coordination among nodes for accessing the channel [21] . The schedule based protocol is TDMA, which avoids collision, overhearing and idle listening by scheduling transmit and listen periods under strict time synchronization.
IEEE 802.11 is a contention based MAC protocol which uses carrier sensing and randomized back-off to avoid collisions of data packets [22] . The power safe mode (PSM) of the 802.11 reduces the idle listening by periodically entering into the sleep state. However, PSM mode is not suitable for multi-hop network because of the problem in clock synchronization, neighbour discovery and network partitioning.
Power Aware Multi-Access Signalling (PAMAS) is one of the earliest contention based MAC protocol [23] for the energy efficient network. The nodes save energy by turning "OFF" when not in transmission or receiving mode. There is significant power consumption because of excessive switching between sleep and wakeup state.
Sensor S-MAC is a contention based MAC protocol and is updated version of IEEE 802.11 protocol [24] . It divides the time into frame length based on application. The disadvantages of S-MAC shows that idle listening relatively increase when traffic load is low. T-MAC is an improvement to S-MAC to reduce energy consumption on idle listening [25] . The T-MAC has drawback of early sleeping problem. It has latency comparable with S-MAC protocol.
DEE-MAC proposes an approach for clustering for every consumption reduction by forcing idle listening nodes to sleep by synchronization. The cluster is dynamically elected the cluster head based on power. -MAC protocol falls between a contention period and contention free period [26] . The contention period is used to organize a network and contention free period is used to transfer data between nodes. However, the -MAC protocol has drawbacks due to large overheads on contention period. SPARE-MAC is a TDMA based access control MAC protocol for data diffusion in WSNs by limiting the impact of idle listening and traffic overhearing [27] . The protocol decreases collisions and idle listening with large packet overhead and large data delay. Such protocol needs strict time synchronization and it is difficult to maintain frame length.
D-MAC is a dynamic MAC protocol which is energy efficient and low latency MAC protocol for data gathering in WSNS [28, 29, 30] . D-MAC adjusts the duty cycles adaptively according to traffic load in the network for contention based protocol.
Proposed Model
The hybrid model has been proposed for the enhancement of the present architecture by combining the advantages of contention MAC with TDMA MAC protocol. The protocol divides the access channel into two parts: 1. Control packet being monitored by the contention based MAC in the random access channel, and 2. data packet is transmitted in the TDMA based MAC protocol. In the proposed architecture as shown in above Figure  2 , the cross-layer architecture-2 of wireless Sensor Networks is illustrated. The introduction of hybrid condition of contention and the TDMA protocol provides the collision-free, non-overhearing, and less idle-listening transmission services.
Depending upon the traffic load, as shown in Figure 3 , the preamble period versus traffic levels of wireless sensor networks turn the clusters sensor nodes into sleep mode by the Hybrid MAC protocol depending upon the D-MAC protocol algorithm. The algorithm adjusts the preamble dynamically so as to optimize the sleep scheduling of nodes in the cluster with low duty cycle.
Cluster nodes of the sensor network in distributed into intra-cluster and inter-cluster domain. In the intra-cluster domain the nodes with the cluster i.e., non-cluster head nodes communicate with the cluster head directly using TDMA MAC protocol for achieving high energy efficiency. In the inter-cluster domain the cluster head node communicates with the sink directly or through another cluster head node using CSMA based protocol. The channel contention is less compared to intra-cluster. The time slot is sub-divided into small slots based on information. If the node has no data its time slot is assigned to intra-cluster domain. If there is a data, the inter-cluster domain node transmits carrier sense (CS) before transmission. When the node fails to get the medium it goes into sleep and wake up after a random time period and listen to the channel again.
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Implementation
The architecture model as shown in the Figure 2 incorporates the D-MAC and TDMA protocol. This hybrid MAC protocol simulation is carried out using MATLAB 7.1 and Fuzzy Logic control mechanism [30] . The performance analysis of inter and intra cluster based on cluster traffic are evaluated for network delay and energy consumption. The performance is evaluated in terms of throughput and energy efficiency using MATLAB. The network nodes are placed in a distributed nature. For the simulation following parameters is selected in the Table 1 . 
Result Discussion
The quality of node overflow and fairness is evaluated based on comparison of threshold minimum level with respect to the incoming packet to the nodes. Depending upon the distance and the traffic, the threshold is dynamically adjusted so that a balance between the energy efficiency and fairness can be maintained.
… denote the distance based on nodes communication to the cluster head nodes for transferring packets.
…
denote the time taken between nodes and cluster head
The threshold and fairness is computed based on the link distance based on the following expression:
(1) Also, each node maintains the weight for the fuzzy logic decision tables. As per simulation study we observed following parameters for comparison. 
Packet Loss versus Traffic
From the Figure 4 , the simulation result of packet loss versus traffic shows that the achievable target without incurring excessive packet loss overhead with and without Hybrid MAC protocol. Due to the existence of Hybrid MAC protocol the packet loss is less when the cluster node traffic increases. The Hybrid MAC protocol shows a 4% improvement over TDMA MAC protocol. Figure 5 represents the packet delivery versus traffic load.
Packet Delivery Versus Traffic
With the Hybrid MAC protocol it adapts dynamically to achieve more packets. With this protocol there is an improvement of 2.2 % packet delivery. The Hybrid MAC protocol also shows good packet delivery to a small delay in route establishment. Under clustering network the Hybrid MAC is energy efficient over non-Hybrid MAC protocol. Figure 6 . Sleeping probability for versus power consumption Figure 6 represents the sleeping probability versus power consumption of Hybrid MAC protocol. The simulation result shows that the cost of power consumption of sensor node with respect to sleeping probability in the case of Hybrid MAC to non-Hybrid MAC protocol is 11% of the small traffic load, however in the case of large traffic the improvement is marginal, 2.1 % only and in certain cases it is inferior for higher distributed load. This shows the Hybrid MAC protocol is good for low traffic conditions. Figure 7 represents the simulation result based on energy consumption against sensor active. This factor improves in the case of Hybrid MAC protocol, due to increase in sleep mode of the numbers of neighbouring nodes. The protocol detects the events and consume equal amount of energy while sending the data to the sink through cluster leader. The MAC control effects when the sensor nodes in the WSNs are located at a far distance. The sensor nodes consume less energy when the nodes are placed in cluster than conventional network. The residual energy falls steeply due to Hybrid MAC protocol as the amount of round increase and thereby improves the network lifetime and performance. The simulation results show that the hybrid MAC protocol for clustering mode is improved by 17 % than TDAM or D-MAC based alone.
Sleeping Probability Versus Power Consumption
Energy Consumption Versus Round
Comparison of Hybrid MAC and TDMA MAC/ D-MAC Protocol
From the simulation study as shown in Figure 8 , The result analysis is observed are stated below in Table 2 as follows. Further study is to be undertaken to the random Hybrid-MAC protocol Model to minimize the latency for improving the reduction in duty cycle. The amount of packet reception rate is better, but still there is a need for future research works to validate the same. Our future plan includes Hybrid-MAC protocol by combining with topology types to provide an energy efficient node.
Conclusion
The energy efficiency is a crucial task for the application of WSN where the proper MAC protocol is the determining factor in the energy performance in WSN. So the design study and its improvement in the energy efficient architecture that support the proposed MAC protocol is an important observation. In this research paper we highlighted an efficient architecture supported by D-MAC protocol and TDMA based MAC control adaptively to the distributed network. In our simulations, we evaluate the performance of a Hybrid MAC scheme and compared it with the D-MAC and TDMA. It shows that there is an improvement of 46% in throughput and 26% energy savings.
Further study is to be undertaken to the random Hybrid MAC protocol to minimize the overhearing design for improving the energy efficiency. This protocol supports the cross-layer and makes full use of the protocol stack to improve the energy efficiency by reducing the energy consumption considerably. However the implementation of the Hybrid MAC protocol is complex compared to the contention and scheduled based MAC protocol. But still there is a room for future research works. Our future plan includes Hybrid MAC protocol by combining with heterogeneous topology types to provide an energy efficient node.
